ROLE OF NEMATODES IN DECOMPOSITION 


G. W. Yeates and D, C. Coleman 


INTRODUCTION 

In the past decade there has been considerable interest in 
assessing soil nematode populations and determining their 
metabolic activity in relation to other soil organisms and to 
primary production. Nematodes generally contribute less than 
1% of total soil respiration (Yeates 1979), and only a few 
percent can be attributed to all soil fauna (Reichle 1977). 
As Macfayden (1978) notes, such approaches are of limited 
general value because of the complexity and diversity of 
specific physiology under field conditions. Decomposition is 
neither a simple combustion-like process nor confined to the 
soil. In fact, a simple correlation of metabolic activity 


(such as CO, output) with nutrient cycling is occasionally 


Se ore even erroneous. 

In this review we relate soil nematode populations to both 
decomposition processes and nutrient cycling in which decom- 
position and plant growth are complementary. This implies 
that at least some soil nematodes have a beneficial effect on 
plant growth and relates nematodes to the dynamics of organic 
matter in the rhizosphere (Coleman 1976, Sauerbeck and Johnen 
1977), as well as to current developments in effects of 
faunal grazing on microbial populations (Addison and Parkinson 
1978, Hanlon and Anderson 1979). A small grazing component 
may play a large part in ecosystem regulation (Lee and Inman 
1975). Twinn (1974) commented on the importance of parallel 
studies of both nematodes (grazers) and microflora. In this 
paper we review both laboratory and field-based studies, ina 


variety of habitats, both natural and man-made, to examine 
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the principal processes which affect the roles of nematodes 
in decomposition. 

Decomposition studies in an ecosystem context are only now 
coming "of age" in several regions of the globe. To adequate- 
ly study decomposition requires considérable background in 
biology, chemistry, and physics, perhaps one of the legacies 
as to "modus operandi" from the International Biological 


Program (LBP). 


NEMATODE FEEDING HABITS AND REPRODUCTION 

Nematodes feed on a wide range of foods and a basic trophic 
grouping is: bacterial feeders, fungal feeders, plant 
feeders, predators and omnivores. Nicholas (1975) has re- 


viewed classification of feeding habits, and Figure 1 
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Fig. 1. Head structures of a range of soil nematodes. A) 
Rhabditis (bacterial feeding); B) Acrobeles (bacterial feed- 
ing); C) Diplogaster (bacterial feeding, predator); D) 
tylenchid (plant feeding, fungal feeding, predator); E) 
Dorylaimus (feeding poorly known, omnivore); F) Xiphinema 
(plant feeding); G) TIrichodorus (plant feeding); H) Mononchus 
(predator). 
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illustrates anterior structures associated with various modes 
of feeding. The classification used by Paramonov (1968) in- 
cluding eusaprobes (associated with decomposition and not 
directly pathogenic), dyssaprobes (feed in decomposing 
material, but may enter healthy tissue temporarily), 
pararhizobes (found in rhizosphere, may sometimes damage roots), 
and phytoparasites (invade plants and feed on their tissues) 
has great ecological value. However, the major problem is 
that feeding habits of soil nematodes are both complex and 
poorly known. Among the Tylenchida, for example, the 
Heteroderidae, Hoplolaimidae, Tylenchorhynchidae, and 
Criconematidae as well as Anguina and Radinaphelenchus feed 
solely on higher plants, but within the Neotylenchidae, 
Aphelenchoididae, Ditylenchus and Tylenchus a wide range of 
feeding habits are known, including root feeding, root hair 
feeding, fungal feeding, and association with insects. With- 
out in vivo observations it is not possible to assess trophic 
relations in a particular situation. In addition, feeding 
habits may change during the life cycle. From their distri- 
bution it appears that many Tylenchida are associated with 
fungi rather than plant roots and this gives them an import- 
ant role in decomposition. 

Nematodes prey on other soil animals (e.g., Nygolaimus on 
enchytraeids) and in turn are prey for others (e.g., tardi- 
grades). Less well known examples are the isopod (Oniscus 
asellus grazing on nematodes in sewage sludge (Brown et al. 
1978), the shrimp Crangon feeding on nematodes among sand 
grains (Gerlach and Schrage 1969). 

Among the Dorylaimida there are a few established plant 
feeders (Trichodorus, Longidorus, Xiphinema), predators 
(Mononchidae, Nygolaimus) and fungal feeders (some 


Tylencholaimus spp.), but most of these relatively large 
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nematodes have undetermined feeding preferences. Yeates 
(1973) suggested that they may be autochthonous (slow) de- 
composers, in contrast to zymogenous (rapid) decomposers 
(Rhabdita, etc.). McKercher et al. (1979) suggested that 
Dorylaimidae may play a part in phosphorous transformations 
greater than their relative biomass suggests. 

To feed and reproduce nematodes must have a suitable 
physical environment. Jones et al. (1969) related the dis- 
tribution of some plant nematodes to soil structure, Heterodera 
spp. occurring in fine and coarse textured soils but the 
larger Trichodorus and Longidorus only in soils with 80% or 
more of coarse particles. Recent volcanic soils, in which 
particles are more angular than older soils, have been found 
to contain a more diverse range of genera, including Acrobeles, 
than older, more weathered soils (Yeates 1980a). Recent micro- 
cosm studies have shown that soil nematode growth is less in a 
fine textured than in a coarse textured soil with more habit- 
able pores for nematodes; a similar result was found in both 
Mesodiplogaster + Pseudomonas (MP) and Mesodiplogaster + 
Pseudomonas + Acanthamoeba (MPA) interactions (Elliot et al. 
1980) (Fig. 2). Thus, the trophic interactions between soil 
fauna in soils of differing texture must be examined to 
determine the amount of faunal grazing on decomposer popula- 


tions and the resultant nutrient release. 


ECOSYSTEMS AND TOTAL NEMATODES 

It is well known that an increase in plant feeding nematode 
populations leads to a decrease in crop yields (Fig. 3a) (Sykes 
1979). However, there may be a positive correlation between 
total nematode population and primary production. Figure 3b-d 


gives such results for three grassland studies. 
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Fig. 2. Influence of soil texture (C, sandy clay; F, clay) on 
development of nematode (M, Mesodiplogaster lheritieri) bio- 
mass in microcosms containing a bacterium (P, Pseudomonas 
cepacia) with or without an amoeba (A, Acanthamoeba polyphaga) 
at 26°C (after Elliott et al. 1980). 
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Fig. 3a. Relationship between potato yield and numbers of 


Longidorus leptocephalus in soil (r = -0.80,99%) (after Sykes 
1979). 
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Fig. 3b. Relationship between mean monthly total nematodes 
and total annual pasture herbage production for nine soils 

under grazed pasture at least 5 years old (r = +0.71, 95%) 

(after Yeates 1979). 
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Fig. 3c. Relationship between total nematode biomass and 
weight of live roots at 6 US/IBP grassland sites in 1972 (r = 
+0.81, 95%); 1) Richland, 2) Las Cruces, 3) Pasukuska, 4) Nunn, 
5) Cottonwood, 6) St. Lanatius (data from French 1979). 
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Fig. 3d. Relationship between mean total nematode populations 
and A) standing green herbage, and B) washed roots, in three 
treatments of a grazing trial at Armidale, Australia (after 
King and Hutchinson 1976). 


Such a clear correlation is not always found. In tussock 
grasslands, where phosphorus is probably the limiting plant 
nutrient, there is a significant correlation between total 
nematodes and available P (Fig. 3e); at sites with similar 
soils this can be regarded as a nematode:production correla- 
tion. Freckman and Mankau (1979) found a positive correlation 
between the distribution of nematodes and the root biomass of 
four desert shrubs. 

In forests the situation is less clear. Perhaps the extreme 
is a significant negative correlation between net primary pro- 
duction and nematode abundance (Kitazawa 1971) (Fig. 3f). In 
such situations the driving variable for nematodes in 0-20 cm 
soil is more likely to be some litter function rather than 
total primary production. A similar effect is seen in the 
Japanese IBP results in which the coniferous Shygayama area 
had 6.87 X 10° ntatodes/m" and the evergreen oak Minamata 


area 3.23 X 10f/m?; the litter production at the two sites was 
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Fig. 3e. The relationship between total nematode abundance 
and Truog P in seven soils from a tussock-grassland climo- 
sequence; if the gley soil (*) is omitted, r = +0.89 (98%); 
but if all points are considered, r = +0.20 (from Yeates 1974, 
Molloy and Blakemore 1974). 
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Fig. 3f. Relationship between net primary production and soil 
nematode population in five tropical forests (r = -0.88, 95%) 
(data of Kitazawa 1971). 
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409 and 732 g/m*/yr and net aboveground primary production 7.63 
and 18.38 t/ha/yr respectively (Kira et al. 1978, Kitazawa 
1977). In two Australian subtropical forests, Plowman (1979) 
found similar litter falls (912.8 and 886.4 g/m?/yr) in a rain 
forest and wet sclerophyll forest but a five-fold difference 

in the nematode populations (805.8 and 154.5/m? respectively). 
In contrast, Huhta and Koskenniemi (1975) found a correlation 
between plant production and nematodes (Table 1), but estimated 


numbers, biomass, and respiration give different trends. 


TABLE 1. Primary Production in Two Finnish Spruce Forests, 
with Estimates of Nematode Populations and Activity in the Soil 
Organic Horizons of Each (After Huhta and Koskenniemi 1975) 


Forest Lammi Oulanka 
type Oxalis-Myrtillus Hylocomium-Myrtillus 
Net primary production 889 420 
(excluding roots) 
(g/m?/yr) 
Litter production 292 143 
see T EE E EET 
Total nematodes 1436 1125 
(thousands/m2) 
Nematode biomass 178 200 
(mg/m?) 
Nematode respiration 439 329 


(ml 0,/m?/yr) 


In South Carolina, Lane (1975) followed the effects of 
forest conversion from hardwoods to pines over seven years; 
the best correlation in his data is +0.98 (95%) between winter 


total nematode populations and forest litter in the control 
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plots; in the treated plots the correlation was +0.79. Per- 
haps the nematode fauna need to reach equilibrium before 
sampling. This is the converse of models for economically 
important nematodes used by Seinhorst (1970) and Jones and 
Kempton (1978) in which gross changes in populations are pre- 
dicted. 

Even nematode populations in noncropped ecosystems differ 
markedly from year to year (Banage 1966, Popovici 1977, Huhta 
et al. 1979, and Yeates 1980b). In the case of New Zealand 
grazed pastures, there was a significant correlation over 
36 months between total nematode abundance and aboveground 
production, the usual temperature and moisture effects not 
being directly significant in the regression. Similar re- 
lations between primary production and nematode populations 
may underlie the differences found in other studies. 

Thus in the ideal situation, nematode ecology would be 
studied in a stable ecosystem, if such an entity exists, over 
a period of years with aspects of primary production assessed. 
Fluctuating ecosystems such as crop rotations give valuable 
data on some aspects of population ecology. The major prob- 
lem in writing this review has been the lack of comprehensive 
coordinated site data, such as total production of shoots and 
roots, soil carbon and nitrogen levels or long-term sampling. 

Given a positive correlation between nematode abundance 
and primary production it follows that there should be a 
similar relationship between nematode abundance and decompos- 
ition, provided a similar combination of trophic groups 


exists. 


NEMATODES AND DECOMPOSITION SITES 
There is a long history of work on nematodes in sites of 


decay, ranging from the work of Paesler (1946) and Sachs 
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(1950) in dung pats to the population estimates of 16 million 
nematodes /m” in the intertidal region (Teal and Wieser 1966) 
and 380 million bacterial and fungal feeders /m” in leaf litter 
(Wasilewska 1979). Although large wopdlattons/ih can be cal- 
culated, they are usually extrapolations from small foci of 
intense decomposer activity. In general, the distribution of 
nematodes in the soil profile reflects the distribution of 
organic matter produced in the ecosystem--from dung pats and 
decomposing litter on the surface to senescent roots a meter 
or more down. Grassland may be uniform horizontally or tus- 
socks may be clumped; forests have a variety of canopy, shrub, 
and herb inputs; crops are generally spaced and in tundra 
there is a mosaic of vegetation and bare ground. Ail these 
conditions interact with factors such as other soil organisms 
(Fig. 4), depth (e.g., soil horizons; see Gould et al. 1979), 
season and year to produce a complex nematode population 


structure. 
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Fig. 4. Effect of litter incorporation on the vertical dis- 
tribution of nematodes in grassland. A) Pawnee IBP site, 
Colorado; no earthworms, litter layer present (from Anderson 
1978), B) mean of 9 grazed pastures in New Zealand; all sites 
had earthworms but no litter layer (from Yeates 1980a). 
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CURRENT STATUS OF WORK 

Field work has been reviewed in three recent papers (Wasilewska 
1979, Yeates 1979, Sohlenius 1980). Currently, papers are 
appearing in which microcosms are used to manipulate condi- 
tions and measure responses to known changes and stresses. 
Development of such work appears essential in assessing the 
role of nematodes in decomposition, and it is to such studies 


that we now wish to mainly address the balance of our paper. 


NEMATODE: FOOD INTERACTIONS 

As noted in the previous section, populations of certain plant 
parasitic nematodes are considered to be increasingly deleter- 
ious to plant growth, with increments in nematode numbers. 

As we will endeavor to show, such trends are too simplistic, 


and a more dynamic view is required. Some examples follow: 


Plant Feeding Nematodes 


When experimental plant inoculations are made, low soil 
populations cannot be measured accurately. To remedy this, 
Jones (1957) set up a pot experiment, raising beet seedlings 
in a sterilized potting mix. Cysts of Heterodera schactii 
containing an average of 30 eggs each were added on a log 
series (1, 5, 25, 125, and 625). Seedlings were harvested 
after 4 to 5 months. Total yield of roots plus tops was 
significantly greater with 1 cyst per pot than in the un- 
inoculated controls or with higher numbers. This sort of 
stimulation by low-level feeding, which has been reported for 
many other nematode/plant combinations, may be an important 
factor for consideration in several "plant-animal interaction" 


experiments currently in progress. 
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Fungal Feeding Nematodes 


Wasilewska et al. (1975) cultured Alternaria tenuis on agar, 
assessing nematodes (Aphelenchus avenae) and mycelia every 
few days. There was some inhibition of mycelial growth in 
cultures with, versus those without nematodes (Fig. 5). 
Behavior of the same fungal grazer (A. avenae) and a fungus 
(Rhizoctonia solani) was examined in soil microcosm studies 
(Trofymow and Coleman, this symposium). The microcosms with 
nematodes feeding respired significantly less than those with 
only fungus metabolizing pure cellulose substrate (Fig. 6). 
In both cases nematode grazing depressed fungal activity, but 


the generality of this effect is unknown. 
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Fig. 5. Development of the fungus Alternaria tenuis at PG 
A) A. tenuis alone, B) A. tenuis with Aphelenchus avenae 
(after Wasilewska et al. 1975). 
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Fig. 6. Effect of nematode (Aphelenchus avenae) grazing on 
total respiration of soil microcosms at 23°C. A) Rhizoctonia 
solani alone, B) R. solani with A. avenae (Trofymow and 
Coleman, this symposium). 


Bacterial Feeding Nematodes 


Using microcosms, a series of experiments were conducted using 
a rhizosphere bacterial isolate (Pseudomonas sp.) and an omni- 
vorous nematode Mesodiplogaster lheritieri. In all cases, 
those microcosms with bacteria and nematodes had greater 
respiratory activity (CO, output) than those with bacteria 
alone. Bacterial populations were markedly reduced, where 
grazed upon, with a significant amount of nitrogen and phos- 
phorus remineralized only after 10 days (Anderson et al. 1981). 
Using a more enriched substrate (sewage sludge addition to 
a silt loam), a series of microcosms were inoculated with 
Pseudomonas fluorescens and some with the bacteria and the 


bacterial feeding nematode Pelodera punctata (Abrams and 
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Mitchell 1980). Total respiratory activity was also in- 
creased here, in comparison with that of bacteria alone 


(Fig. 7). The stimulation was greater than in the mostly 
mineral soil microcosms of Coleman et al. (1976). Abrams and 


Mitchell (1980) gave no information on the mineralization 
(into the soil solution) of inorganic nitrogen and phosphorus 
but this would not be likely, given the rapid regrowth of 


bacteria in the high-organic matter substrate. 


OXYGEN UPTAKE (yl Oo/9/hr) 


Fig. 7. Oxygen uptake of sewage sludge microcosms at 5°C. 
A) Pseudomonas fluorescens alone, B) P. fluorescens with 
Pelodera punctata (after Abrams and Mitchell 1980). 


Microcosm Studies, Including Plant Growth 
To determine possible effects of faunal grazing on microflora 


as it influences plant growth, Baath et al. (1978) investi- 
gated growth responses of Scots pine seedlings (Pinus 
sylvestris L.) raised in a humus-sand mixture. The pots 


were watered with four combinations of nutrient solutions: 
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(1) complete nutrient solution minus nitrogen; (2) glucose; 
(3) nitrogen; and (4) glucose plus nitrogen. Abundance and 
biomass of bacteria, fungi, arthropods, and other inverte- 
brates, including nematodes, were determined after 398 d 

when pine root and shoot biomass and N concentrations were 
also determined. Baath et al. found considerable stimulation 
of bacterial yeast, and fungal growth, but only fungal-grazing 
nematodes and a few bacterial feeders increased in any of the 
treatments. Essentially no new tree growth could be attri- 
buted to faunal grazing activity. However, as the "humus" 
material had a relatively low N content (C:N ratio 44:1), 

it is likely that nitrogen would be immobilized in such a 
system. Blue grama (Bouteloua gracilis) grass seedlings 
showed significant increases in shoot N content in grazed 
microcosms (Elliott et al. 1979). This occurred only in 
those microcosms with bacteria and amoebae and with moderate 
to high levels of ammonium fertilizer. With a more favorable 
C:N ratio in the soil organic matter, roots may more readily 
take up nutrients. 

Experiments with laboratory cultures have shown that graz- 
ing of Rhabditis oxycerca on Bacillus subtilis reduces the 
antagonism of B. subtilis to Fusarium solani and thus allows 
greater fungal growth and damage to Pinus nigra seedlings 


(Palmisano and Turchetti 1975). 


NEMATODE ACTIVITIES IN AN ECOSYSTEM CONTEXT 

A series of studies are reviewed below to give information 

on a wide range of community/ecosystem responses which in- 

dicate the diversity of effects which have been observed in 
primary production and decomposition when ecosystems have 


been experimentally manipulated. 
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Nematode Effects on Primary Production 
Smolik (1977) applied a systemic nematicide, Vydat® (oxamyl, 


an oxime carbamate) to a South Dakota mixed-grass prairie. 
He followed subsequent growth and regrowth on three cuttings 
from experimental and control plots, during the growing 


season (Table 2). The increasesin dry matter yield were far 


TABLE 2. Effect of Vydate Treatment on Nematode Numbers and 
Herbage Yield of Range Grasses at Cottonwood IBP Site (After 
Smolik 1977). 


Percent reduction in nematodes % increase in 
herbage dry 


Plant feeding Predaceous Saprophagous weight yield 


Date 


6 Jul 72 89 | 61 58 59 
21 Jul 72 89 73 77 28 
28 Sep 72 -- -- -~ 45 

5 Apr 73 82 53 52 -- 


in excess (ca. 10-12X) of the calculated amount of root material 
ingested (consumed) by nematodes. Recent information on other 
effects of Vydate indicate that there is probably plant growth 
stimulation and a fertilizer effect at the concentration used 
by Smolik (Freckman and Van Gundy, pers. comm.). However, 
Smolik noted that while there was a reduction of almost 90% 
of the plant feeding nematodes in 0-10 cm soil 12 months after 
treatment, about 60% of the saprophagous and predaceous trophic 
groups were killed as well. 

To more fully examine the spectrum of soil biota affected, 
Stanton et al. (1981) applied a systemic nematicide, Furadan® 
(carbofuran, an N-methyl carbamate) on plots in the Pawnee 


site, a Colorado shortgrass prairie containing predominantly 
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blue grama and fringed sagewort (Artemisia frigida). The 

only significantly greater root biomass (140 g or ca. 25% 
larger) was in the nematicide treated plots late in the growing 
season (September) in both years (1975-6) of the field study. 
Significant decreases were noted in most biota except bacteria. 
In addition to a mortality of about 90% for total nematodes, 
there were major decreases in soil microarthropods and a 50% 
decrease in fungal propagules, but not in mycorrhizal infec- 
tion frequencies. It is apparent from these studies that a 
more discriminating faunicide is needed to be certain of 


causative factors affecting primary production. 


Nematode Roles in Community Food-Chains 
Another aspect of crucial importance to the role of nematodes 


in systems dynamics is community food-chain or food-web struc- 
ture. We give a brief synopsis of studies on desert litter 
decomposition, as it is covered more fully elsewhere in the 
symposium. Using a series of insecticide and fungicide 
treatments, Santos et al. (1981) manipulated populations of 
microarthropods, fungi, and nematodes. With elimination of 
microarthropods (primarily Prostigmata:Tydeidae) there were 
increased numbers of bacterial feeding nematodes and reduced 
bacterial numbers. With elimination of both nematodes and 
microarthropods, bacterial numbers were greater than in un- 
treated controls. Fungal hyphae increased in insecticide- 
treated (microarthropod-free) treatments. 

By a series of additional manipulations, Santos et al. 
(1981) and Whitford et al. (this symposium) concluded that 
the 40% reduction in decomposition in mite-excluded plots 
(principally Tydeidae) was the result of a removal of preda- 
tory pressure on the dominant bacterial grazers, cephalobid 


nematodes. Coleman et al. (1978) noted bacterial-grazing 
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nematode populations can build up to a considerable level 
causing net immobilization of nutrients unless continual 
predation pressure exists. 

A hitherto overlooked area of faunal interactions has been 
found by Yeates (1981). Sampling total nematodes in three 
soil types under grass, Yeates observed ca. 50% decrease in 
total numbers of nematodes in New Zealand pastures with earth- 
worms, compared with those without (Fig. 8). There are 
several possible explanations, such as limiting amounts of 
food leading to considerable drop in the nematodes. Another 
possibility is that earthworms, ingesting large amounts of 
soils, or other substrates containing nematodes, simply trit- 


urate the nematodes enough to significantly decrease their 
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Fig. 8. Effect of addition of earthworms on total nematode 
abundance (/m72, depth as indicated) in three New Zealand 
soils; in each case, the right-hand column (W) represents 
with earthworm situation (Yeates 1981). 
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standing crop. For example, Phillips (in Piearce and Phillips 
1980) noted that specimens of Lumbricus terrestris that fed on 
cattle dung containing large numbers of nematodes had active 
nematodes in their pharyngeal and esophageal regions; but 

none were found in material present in crops and gizzards or 


in castings from the earthworm. 


CONCLUSION 

Results from natural and perturbed field sites, and experi- 
mental trophic studies including microcosms show many inter- 
actions among nematodes and other soil biota. These inter- 
actions often result in enhanced nutrient circulation and 
eventually higher productivity. From this review it is 
clearly important to use a range of experimental techniques, 
in laboratory and in field, rather than relying solely on 
one level of resolution when investigating the ecological 


roles of nematodes in the soil. 
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